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Preface 


This document contains the proceedings of the NASA Workshop on Computational 
Structural Mechanics, held at NASA Langley Research Center, November 18-20, 1987. 
The workshop was sponsored jointly by NASA Langley Research Center and NASA 
Lewis Research Center. 

The purpose of the workshop was to allow participants in Langley's and Lewis' 
Computational Structural Mechanics (CSM) research programs to meet and to 
share research objectives and accomplishments. The intent was to encourage a 
cooperative Langley/Lewis CSM program in which Lewis concentrates on engine 
structures applications, Langley concentrates on airframe and space structures 
applications, and all participants share technology of mutual interest. 

The workshop was organized into the following three sessions: 

I Concurrent Processing Methods and Applications 

II Advanced Methods & Testbed/Simulator Development 

III Computational Dynamics 

Session I dealt with parallel processing methods and languages, new computer 
hardware, and software architecture to exploit parallel computers. ■ 

Session II dealt with the Langley CSM Testbed, the Lewis Engine Structures 
Computational Simulator, and Structural Analysis Technology involving finite 
elements, boundary elements, and probabilistic approaches. 

Session III dealt with advanced methods for structural dynamics. 

The use of trade names or names of manufacturers in this publication does not 
constitute an official endorsement of such products or manufacturers, either 
expressed or implied, by the National Aeronautics and Space Administration. 


W. Jefferson Stroud 


With the exception of a few adjustments made 
primarily for the purpose of uniformity, all pa- 
pers have been published as received. 


Editor 
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This Testbed forms a basis on which we can continue the development of structural 
analysis methodology and apply it to current problems in a way previously not available. 


BUCKLING ANALYSIS USING THE CSM TESTBED 



NEW PROCESSORS DEVELOPED FOR THE TESTBED 
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ase manager. 



PROCESSOR DESCRIPTION 
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PSF Stress Table Printer 

KG Geometric Stiffness Matrix Assembler 

EIG Sparse Matrix Eigensolver 


PROCESSOR DESCRIPTION 
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PROCESSOR-ARCHITECTURE INTERACTION 
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TESTBED DATA MANAGEMENT 
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TESTBED DATA MANAGEMENT 
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Testbed development and concentrate on the overall strategy. We will move toward a 
software architecture that will exploit powerful parallel computers while continuing to 
provide a powerful, easy-to-use Testbed. 



TESTBED SCHEDULE 
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PARALLEL ALGORITHM DEVELOPMENT TO NAS 



o -6 

> P» 

-Q C 

® 2 

-Q a 
ro u 

3 s 
&*- 


“O [0 

<u > 

jQ 

P-» C 

w n 

,0) 5 

“ H3 


O a 


CO "O 
<U ^ 
TD 
Oi O 
O O 

a ® 

c > 
— ro 
c -c 
O ♦-. 


0) CO 

E $ g 

3 o 
re a *■ 
o 3 c 

■a o — 

® Ol 3 

5 ^ 0 

Ot</) >» 

£ U 
♦-> fl , re 
re £ 5 
a o q 
c u w 

o ® 3 
u £ w 


3 12 
w O 
re w 

w V) 

_ Q) 

ro re >; 

W O ■M 

n a > 

"O 

C <U ® 

ro $ ro 
** oiS 

£ C (/) 

£ *= u 


I®C £g§ 

ro 5 l. ro *3 
* ^ <u .c ro 

P» ci Z “Q c *- 

Jj c (/) c <y to 
£ £ U => > c 

C 5 <y T3 Cl r 

RES 5 *= I 


U J£ 
S gz 

« c Xj 
x: — GJ 

^ w. > 

O o o 

O «*- > 


m 2 • re yi 

J= ~ E 2 = 

-X </) (1) ' 5 ® D (0 ^ 1. 

n J - re n C 4-1 

n c -Q c “■ <u = <u w 

°|| a,S«£”|§ 

® I * ^ «£ Jf u 

5 c I 2 = jf 5 « E £ 
Jc! ®* >58® 

^ 5 § 1 g 2 5 *= § 1 

ro c re 8 W w V. -a ~ -o 

§S® ISSI^SSi 

o® = 5SS = ®»;2 
*F ro 5 «r S y *5 re F Q- 


Q> 0 ) 
£ £ 


ro <U 
re "o 

w 5 re 

s ®s 

•= S " 

r- w r- 

•E Ol £ 
re £ 


g& 

E ^ 

O a 
u 

3 <U 

« C 
-C <u 


. 3 

LU O 
U sz 


> 
c nr 

— i/> 
k. ra 
<y a 

i/> _ 
T3 

S C 
Q- ro 


. y u X 
ro o o <f 

A k- \/ 


a )r x 
a a <u 


JJ 5 <u c a 
<u < a> <u 

x > iJ c S» 

t, 2 c 5 ^ 


v- h "S $ 

2 . ra o 


-S o> o > ^ <fc 

2 c ” <u a ° 

S-o ”o 3 *j 

re ^ _ o <u 

- a> c ®i k» w 

«u£ £ cn _ 

~ nj 


2 ■= 

^ ^ ? 
c © £ 

" -q t; 
■o _ = 
a> = .o 

<u a ^ 

> 3 ^ 


i-t- — /a 1/1 

gs U»>,§?S re Tj 

| ! »SsSS |2 
S'R oSssESaS 


c c 

<U V 

-x F 

2 a 

qJ 2 
-n <U 

5! 

w a, 
-C 3 

~ o 


Q) 3 
C O’ 

X <U 

01 s 

u nj 
O 3 
£ Dl 

■6 ro 
ro — 

a> "O 
sz c 


w w <u -j? ro oWoS^xZ^ a?® 

2 «£ ■S-gfr oSo»E 2 aS =fS 

°£ p so aj® — — ocre 

S ®E ro >o.o|j«i o. - : 2 

re «0 £ ® - ra F i- X 3 
,vy •— T) •— >\ t y r 

L_ +J in n — z _ 


^2? g g S 

q c ro p ^ 

?*". | =8 

S -Q O m c > 

■° ♦"* n £ P .t= 

(11 ^ (*t 3 “v) w 

£ .<u £ 5 ® ® 


™ S5 •§ ® >,™ 
«f- S 

£ ® 0) - ra J c 

C h O u O *; t 
<u u re 3 

re • o "o ro rei u 

ere® re *j O .. 

m C r t P W 


v *■ —ii r~ 

LL|X)>*r‘ro 3 ^ 
v; xj > r 4— 

-ro®C4-»E^o 

>S-5.2®rea)c 


■o ro 5 » re 3 £ 

re +* O re 

o a„ “ £ 

W E <D ® "O 

> o -* = re 

c U £ re -P 


ro c ^ 
ro 2 re 


— ® 

^ rT3X3” O > X 
uiEojaroti^a) 
> o -* = re £ re _ 
F u c rai),, o re 

h w “UpT3.- = 

^ <-» .a w S Tj re 
>. c wjjo^ £ >- 


I V 

<y <u 

a i il 


U , — «*- 

wl" L £ 
® . re < 
o 2 ^ re 

a 2 c $ 

$ Ol >j 

re u_ £ o 


•C [A — _ H— (y \J Q r- 

+j£ Z o £ tn u 2 


a. 

“D 

ro 

w 

"D 

c: 

ro 

jM 

<u 

C 

c 

c 

k. 

CO 

JC 

+p 

ro 

’5i 

(U 

a 

a 

o 

ro 


"O 

*iZ 

<u 

v» 

p-» 

p 

ro 

+j 

<y 

o 

"O 

a 

c 

jQ 

p-» 

CO 

c 

"D 

0 ) 

E 

ftm 

o 

U) 

ro 

4- 

(U 

ro 



o 

pj 

k_ 

k. 

pj 

h 

llT 


3 

(j 

o 

k. 

c 

o 

U 

k. 

o 

$ 

a) 

> 

O 

u 

sz 

pj 

z 

X 

(U 

c 

Q) 


♦J 4 J w <*- t 

C C V) O ® 

E I § & = 

o o $ 

ssreXi 


w $ U 
,re < 

® > 
re £ -a 
.croc 
«-* a ro 

£ in x 

O u LU 
fc - _J 
re Z 

(A 

Q) Q) Q) 

o» 2 !t; 

.e = : 

W O 3 

M H -n 
W C X 

re re 8 • 
2* E re 
ro re -O 
— re _ 

® £ * : 
-c CL 2 J 
h 231 


$ ? 
re J 

c c 

_ re 

2 > 

2 i_ 
re -c 

O ® 

^ B 
u) ro 

3 4-> 

$>< 
°2 
ro O 


< t 

rx re 

he 


T 3 tn £ 
o (J 4-1 


wiilr 

1 .t! 

JSIL 5: 


-c ^ xj 
< u 

CO CO _Q 

p E *-* 
£ E </> 

_C m 


^ re ■ n 
? w w “ 

ro J | 0 

§ & 


415 



CSM TESTBED SUMMARY 


2 a 

O E 


416 


• Enhancements are underway 
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CSM Testbed Architecture 
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The data identifier is expressed as a simple mnemonic characterizing the 
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A sample of the processing flow logic is illustrated in the slide 


to CJ 

♦H U 


(A 
OJ 00 


517 




518 


ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 


a 

pH Cl 

1£ <1 

C «rl CO 

5 (A • fl> 

O 01 0 

</> w 

co ni oi <u 

? JC -C 


1 £ <fi 

01 v) 


m o p <u 
o p «H u 


- 3! 2 

W 41 J3 £ 


*» 'W 

>> O >><H 
iH r— I 0 

05 CO G 
C *H ■ 0 QJ 
nJ J3 ^ •g 
P £ 3 
<w ^ P P 

O C *H *H 
M 3 G 

< 1 / to 

a • p s 

>V <D -C E 
-P to to 
rd *h Cl 
Ci an £ 
.G <H P 
P 01 

+> ai w 
cm *h JG >> 
0 W P ffl 

O rH 

0 a p a 

rH a 3 co 
P- o O *H 

e .c *g 

f? 0 ) to 

Ui .C 3 0) 
P Ofl 
£ «H 
C pS iH 
0 P CO 


0 E 

^2 
CO w § 
to & *2 
0) «H H 

U H (/) 

a. *h <c 
3 z 
D - 

0 0) jC 

§ oS 

8s* 

& 

s-r « 

5 «H 3 
** 8 "8 
0 0* 8 


519 




520 


m 

« 

M 

Q 

P 

H 

GB 

£ 

O 

M 

H 

O 

i— i 

fc 

Ph 

◄ 

Q 

£ 

<! 

cb 

P 

O 

P 

H 

H 


W 

o 

p 

w 

GB 

w 

rt 


(B 

U 


cd 

-4-3 

{=1 

-4- 

■“5 JC3 


bO ^ 

.1-4 CO 

£ « 

« * 

- >> 

fa 

bO 
PI 
a 
fa 


pi 

cd 

a 

u 

O 

& 


03 

< 

£ 


>* £ 
fa fa 
rt .& 

CD O 

a .a 

5 ^ 

Pi CD 

a fa 

fa r. 

ft ^ 
t<S co 

<J 1-4 

•3 S 

•& g. 

£ I 

O O 

>> ~ 
fa cd 
0 fa 

ts .» 

<d *"0 
fa bC 

^ a 

s :s 


fa « 

a « 

PS *r2 

.2 ft 

'S 

fa «2 

a ^ 
§ -S 

o +» 

u » 

«5 'd 

S 9 

.2 -g 

y a> 


<D —4 

fa d 

2 P| 

ft 2 


a 


O 

o p) 

U »H 

fa fa 


§ 


fa 

<u 

+3 

o 

0) 

fa 

bO 

a 


fa .22 

^ CO 

p: 13 

o g 

• *“• Lj 

-*-3 CO 

03 *3 


£ 

O 

l-H 

Eh 

O 

P 

Q 

O 

Pi 

H 


9 


.5 3 

s a 

§ » 

• rH »Tj 

bO ‘ 

a 

a> 
fa 
PI 
cd 

<v 
a 

03 

tfH 

O 
CO 

fa 

a; 


bo 

PI b 

.^H O 


a 


2 * 


a 

Q3 

fa 

fa 

a 

pi 
o 
ft 


ft 

ft 

cd 


<d 

a 


cd 

fa 


CO 

0 

1 
fa 

a 


CO 

fa 


a 


fa 
cd q 
PS d 

11 


2 a; 

cd ~ ^ 

PI 
O 


cd 

+3 

ft 

a 

o 

U 


ft h 

a 

§ fa 
8 ^ 

.. W 

® « 
CO •»-« 

fl fa 


fa 

CD 

* rH 

'ft 

ft 

cd 

rt 

CD 

fa 


PS 

bO 

• rH 

co 

0> 

fa 


U j ^ 
fa fa Q 

o 

cd 

^ a 


o 

•h 

ft 
ft 
cd 

co' 
o 

*s 

cd 

Q) fa 

i | 

^ a 

fa 


o 

fa ft 
"a ft 
cd 


co 

CO cj 

*£ *a 

cd fa 

PS o 

* § 

bJO h 

Pi fa 

.r-l Cd 

s u 
a 5 
.a ° 

*bO ? 
Pi fa 
CD co 

o ^ 

+3 o 
u .1=1 
cd 

ft 5 


cd 


*13 -2 




a 2. 
•-H fl, 

in d 

.2, o 

s 3 
* a 
•9 *S 

<l> 

EO fa 


g fa 

.2 CD 
rj U 
2 »H 

TO QJ 

fa *« 

ej 03 
Q) M 

a .a 


£ a 


PS o 


CD 


CD 


.22 M 


fa fa o 


bO 2 


N 89- 29794 


h-H 

a 


” +3 S'. 


O g, 
U & 


.?H CO 
CO CO 


fa 

.2 g 


W 

•e fa 


fa cd 


V 


5 3 / 




■ 1 


I I 


fjv 


p 

o 


> 

s 


s 

<d 

c 

Q 

fa 

c 

cd 


fH 

p 

-w 

O 

P 


o 

C 

«3 

u 

CQ 


P 

ed 

PP 

o 

(U 


CU 

t p 

*5o 

P 

W 

<D 

O 

cd 

ft 

CO 

O 

^H 

<D 


§ 


521 


(%0 IHTEWDHWlt 




PRECEDJINiG PAGE BLAFvK MOT FILMED 



LANGLEY CSM PROGRAM 



522 


LANGLEY CSM PROGRAM 

The Langley CSM program is organized as three teams. The first team’s primary responsibility is parallel structural methods 
research. The second team’s primary responsibility is testbed development. The third team’s primary responsibility is 
methods and application studies. Each team interacts with the other teams to achieve a synergistic effect. This paper will 
describe the objective and research directions of the third team. 
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The objective of the methods and application studies team is to identify, develop, and extend structural analysis and com- 
putational methods that have high potential for solving critical application problems and for removing analysis deficiencies. 
Structural applications and analysis deficiencies drive the methods development and the application of these methods should 
provide new insight for complex, nonlinear structural mechanics problems. The analysis and computational methods should 
be amenable to error analysis. That is, given a physical problem and a mathematical model of that problem, an analyst 
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CSM FOCUS PROBLEMS 
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COMPLEX STRUCTURES 



The Langley CSM activity employs the concept of focus problems to provide a common set of structural analysis problems for 
all CSM participants. Focus problems may be entire aerospace vehicles or various subcomponents that pose difficult structural 
mechanics problems. However, the problems selected as focus problems will challenge our ability to predict their structural 
response or will stretch our computing limits. These focus problems will help guide methods research and development for 
generic classes of problems. Focus problems will change as new technology evolves and computational structural mechanics 
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In addition, Dr. Szabo of Washington University is studying p-extensions of the finite element method. Under NASA Grant 
No. NAG- 1-802, Dr. John Dow of the University of Colorado at Boulder is developing an error estimation procedure based 
on the difference between the strain energy of the finite element solution and the strain energy of the “smoothed” solution. 
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FINITE ELEMENT TECHNOLOGY 
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ASSESSMENT OF CSM TESTBED 
2-D SHELL ELEMENTS 
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GLOBAL/LOCAL STRESS ANALYSIS METHODOLOGY 
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MODELING CRITERIA FOR DETAILED STRESS 
ANALYSIS INADEQUATE 
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GLOBAL/LOCAL STRESS ANALYSIS METHODOLOGY 
- Current Program - 
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“ZOCM-IN” APPROACH FOR 
GLOBAL/LOCAL STRESS ANALYSIS 
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3-D LOCAL MODEL 
NEAR HOLE 
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SOLUTION TECHNIQUES 
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PROBLEMS WITH MODE-INTERACTION BEYOND 
CURRENT NONLINEAR ANALYSIS CAPABILITIES 


SOLUTION TECHNIQUES 
- Deficiencies - 


a *3 
V a) 

i • p-i ZS 

.8 8 

ft 60 
A J> 
p 

a 

.3 " 


2 ^ 
^ .•§ 
s a 

H #*H 

JJ ^ 

^ -3 

o P 
S ° 

T5 

-M (U 

8 I 

■*» 53 

<4- O 


0) 2 
OQ CO 

nd 

01 CO 
+S CD 

a t; 

<D P 

O ^ 

<j a 

<? 2 

>* ts 

0) 


r. CO 

^ s 
« 2, 
a .? 
o 3 

<D M 
> <-> 
<D CJ 


« >* g 

.2 +s $ 

• <D +» ( 

i§ ff'S 

«5 <D ° 

0< tfc a? , 

<0 tn 

* § § : 

13 sp a 

§ *g 8 

3 h 

at ^ u 
t2 cO « 

P m a> 
P P P 
d ^ isj 

S Sj « 

O P o 
o i-. 2 
P 

-fJ to 

P ^ v 

<D 'w 

u a> :J3 

Ch N 

JJ h bO 

v a c 

^ ’■£ 

a a .2 

0 o ^ 

>% a> 

V . M 

^ n Cl 

1 

to to *- 
• 2 £ ,>% 
a> 13 15 
2 S P 

g § S 


2 3 a 


« a 

S S 

W Q) 

*co P 

»<w • *—* 

11 


a rO 

.2 g 

+J CJ 
ctj . 

P iS* 


a a » 
« o .a 

■£ « 3 

g a; 2 
0^2 


M 

bJO *g 


.a «. 

to to 

8 •§ 

CQ h 

P o 

p. 3 

V 

CO 

$ -a 

Ih 3 

J* p 

JS* o 

p g 

g -43 

O 

a o 

ej • »-» 
r^t ^ 

p 2 g 

2 $ 

g N 
0) 

» g; 
0> & 

a a 

y a 

0) 

2 o 

rP 

Pi U 

o o 

o 

3 a 


a -° 

a o 

pS & 
-§ 0) 
2 8 
& m 


2 w « 
a . 13 

■+f *3 *0 
8 ® 6 
~ ft ~ 
D O fl 

a ^ .2 

»o -a 

I g s 

CO ^ «3 


p. . O Ih 

O P 
a> +* 

rj CO O 

& 9 P 

m s x a 

^ * - 

a >f a 

115 

s a s 

5* '£8 


549 



I 


i 



I 

I 




cl 

o 

LL 


O 

$ 

o 

CL 

0 

U 

h 

z 

Lil 

Q 

Z 

LU 

CL 

LU 

D 

Z 

1 

h 

z 

LU 

LU 

_l 

LU 


CL 

LU 

CL Q 
LU CL 

Q O 


CL 

O 


CL 

LU 

£ g 

O 52 


CO 

LU 

_J 

CO 

o 

a: 

CL 

CL 

< 

LU 


Z 

O 

z 

a: 

O 

LL 

if) 

LU 

O 

LU 

£ 

CL 

if) 


o 

h 

D 

_l 

o 

(/) 


Q 

0 

1 

h" 

LU 


z 

0 

1 
CL 
< 
CL 

Z 

O 

h 

£ 

LU 


Z 

O 

5 

u 

CL 

ZD 

LL 

CD 

LU Q 
D LU 

I § 

x O 

U cn 

LU - 

h CL 

_j o 
o LL 

u ° 

I” o 

z x 
0 h 

U LU 


I 

h - 

z 

LU 

i 

u 

CL 

< 


if) ID 

s§ 

£ o 

LU CL 
Z CL 


550 


SPARSE MATRIX METHODS 


- Current Program - 

The current Langley CSM program in solution techniques involves three areas. One area addresses the formulation aspects 
needed for large deflection, large rotation problems. The element- independent corotational formulation 2S - 24 developed under 
the STAGSC -1 contract forms the basis of the geometric nonlinear capability of the finite elements in the CSM Testbed. 
Some element developers supply only the linear stiffness matrix and the geometric stiffness matrix. Using these matrices 
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POSTBUCKLING RESPONSE OF ISOTROPIC CURVED PANEL 
DEMONSTRATED USING CSM TESTBED 
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Nonlinear Solution Procedures 
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♦ call SOLVE ( rhs = <r_npl -i> ; soln = <d_inc> ) 
[xqt VEC ~ 

<d_npl.ipl> <d_npl.i> 4* <d_inc> 
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*call HINGED -CYLINDER ( nel_y = 10; neLx = 10 ) 
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GENERIC ELEMENT PROCESSOR 

DEVELOPER’S YIEW~ (continued 
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— Standard interface makes elt. software accessible to others 

— Database contains elt. parameters/status for user query 

AUTOMATIC GEOMETRIC NONLINEARITY (Corotational) 
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higher-order stiffness matrix that ensures quadratic convergence in the context of a Newton-Raphson nonlinear solution procedure. 
A suprising fringe benefit is that the projection matrix, P, that emerges from linearization, seems to correct rigid body errors 
(e.g., warping sensitivy) even for linear analysis! This may have a profound affect on various old and new element formulations 
(e.g.. Szabo’s p-refinement elements have implicit rigid body errors for low-order polynomial approximations). 
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Stiffened Shell Buckling 
Simple Shell Post-Buckling 



GENERIC ELEMENT PROCESSOR 

PRIOR STATUS (August) 
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New Applications: 

— Postbuckling of Composite Stiffened Panels 




G ENERIC ELEMENT PROC ESSOR 
a-PROGRESS (Aug— Nov) 
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The NAVY (NSRDC) has also contributed some funding towards this effort. 
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ELFMENT TEST CASES 

NONLINEAR: Hinged Cylinder 
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Central Deflection (i 
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COMPRESSED CYLINDER RESULTS 

STAGS vs CSM (E410) 
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COMPRESSED CYLINDER RESULTS 

STAGS ET Breakthrough 
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I - STIFFENED PANEL 
Buckling Results 


u 

U- 

CP 

JC 

4J 

1— 

a 

k_ 

o 

re 

VO 

~o 

‘o 

CP 

o. 

lO 

c 

TJ 

to 

to 

re 

_o 

u 

0) 

> 

c 

-C 

rH 

X 

CP 

w 

3 

4-4 

re 

o 

CP 


cp. 

r* 

re 

J= 

X 

-o 

bO 

few 

re 

w- 

H 

to 

o 

Jp^ 

-o 

“d 

!B 

3 

o 

to 

0) 

c 

# o 

c 

re 

op 

CL 

re 

XI 

*x3 

m 

-O 


o 

O 

CP 

4-J 

T3 

0) 

p 

cp 

2 

lO 

|2 

C 

re 

72 

*> 

o 

c 

to 

.E 

k- 

re 

> 

X 

U 

Q- 


"re 

c 

c 

*-» 

oz 

0 ) 

o 

3 

x 

sP 

c 

re 

O 

X 

3 

O 

• “ 


c 


4-1 

rH 

5 


0 ) 

JZ 

4-» 

to 

*5b 

4-4 

o 

c 

< 

to 

-o 

k_ 

X 

c 

o 

3 

o 

(/) 

< 

c 

re 

c 



X) 

a? 

'xj 

z 

-C 

+4 

0) 

-c 

re 


« i 

to fr 

to 


to *" 

'35 o 
>> 5 


.a -8 SJ 8 


Si -o « E -g 


i/i 1/j ,E 

to 

CP to 

* >* E 


-D •§ 

4-* -4 


H* III I 1 If 

2J-0 « 2 in _g w | 

C ^ c £ Q- "fr 03 

<!2 n>a>®£ W m«<= 


^ cp Z 

w x ro 

C V) +f 


o g " 

E E "S 

o ^5 ^ 


to £ 

E ^ 


<2 M- CP 

ji o k - 

3 w cp 

^ >> x: 


n S 8 5 S? J 

I g I ^ ? I § 

«■; 5 a ;S * J c 


re 

4-* 

o 

4-) 

— — ■— 
4-1 

bO 

>% 

_o 

re 

u 

0) 

to 

c 

x 

c 

w 

a; 

5 

-C 

4-4 

c 

k- 

0) 

*4-» 

JC 

*-» 

*E 

<L> 

4-4 

k. 

o 

o 

o 

4-> 

a? 

w- 

O 

jCP 

**3 

re 

2 

x 

re 

re 

c 

V) 

Q> 

to 

xs 

0) 

E 

_re 

“re 

k. 

re 

Cl 

“re 

> 

o 

x 

CJ 

re 

"O 

c 

4J 

re 

-C 

f i 

to 

i 

x 

0) 

-C 

K 

> 

re 

5 

o 

k_ 

CL 

tO 

l. 

op 

c 

£ 

"O 

c 

re 

to 

3 

4-» 

V) 

re 

“re 

c 

V 

4-J 

c 

<v 

V) 

c 

E 

a? 

"O 

o 

j*L 

re 

_c 

"re 

c 

C 

<u 

o 

k. 

6 

E 

hH 

L> 



0) 

E 

Cl 

<*- 


x: 

v£ 

4-4 

to 

w- 

E 

few 

o; 

J3 

4-* 

*c 

to 

4-> 

CP 

-C 

c 

o 

o; 

> 

’o 

<u 

V 

Cl 

w* 

3 

IE 

4-* 

5 


o; .£ jd o jo 


a J s l 8 

. n O J? 2 


. W '¥ 

te 5 


Q. _ « 

tO f3 

P c r- 


« < CP ^ 

w* w .a 3 
2 < 2 % 


■o 5 

2 * 
O v 

CL JD 
tO 

CP cp 


*5 < 


O 

c 

c 

o 

“E 

’X 

o 

c 

u 

£ 




c; 

-C 

CL 

4-4 

E 

k- 


£ 

CP 


JZ 

C 

4-» 

.o 

to 

*4-» 

re 

U 




h. 

0) 

CL 

CP 

> 

E 

4-> 

U 


0) 

u 

CL 


to 

* k. 
4-# 

CP 

0) 


E 

x 

o 

CP 

<u 

to 

to 

3 

re 

CP 


to 

CP 

re 

5 

-o 

to 


to 


o 

O 

c 

Cl 

j* 

V 

E 

IE 

V 

4-4 

to 

c 

re 

5 

12 

to 

^ 

CP 

to 

JC 


4-4 

o 


4-» 

k*- 

u 

o 

a) 


> 

c 

CP 

bo 

4-4 

c 

o 

o 

^_. 


CP 

CL 


635 




I-STXFFENED PANEL RESULTS 
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I -STH'JFENED PANEL RESULTS 
Load vs Center Deflection 
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The Generic Element Processor design removes the burden of how element arrays are to be computed from the algorithm developer, 
who is primarily interested in what should be formed. This (message-passing) feature and the shell/kernel (inheritance) aspect 
of the design have much in common with so-called object-oriented programming languages, which are intended to simplify and 
extend the life-cycle of software development efforts [17]. 
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algebraic language, which would enable the user to solve equations via a variety of techniques. This should greatly facilitate t 
current CSM research in parallel processing — within the Testbed. 
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ASSESSMENT OF SPAR ELEMENTS AND FORMULATION OF SOME BASIC 2-D AND 3-D ELEMENTS FOR 

USE WITH TESTBED GENERIC ELEMENT PROCESSOR 
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SPAR 1-D AND 2-D ELEMENTS RESULTS 

MACNEAL-HARDER TEST CASE RESULTS 

STRAIGHT CANTILEVERED BEAM 
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f Exact solutions are given in Ref. 
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PROPOSED SOLUTION TO DEFICIENCIES 
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PRESENT FORMULATION BASED ON REISSNER MIXED METHOD 
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ELEMENT RESEARCH AND NONLINEAR ANALYSIS 
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NEW ELEMENTS IN THE TESTBED 
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• ALL ELEMENTS ARE OF CLASS C° CONTINUITY 
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SHELL ELEMENTS (PROCESSOR ES 4 ) RESULTS 
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This project has three primary objectives: 
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• Thin and thick sections may require different elements 
due to differences in acceptable aspect ratio 
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decision forced on the analyst, based on experience. 



STUDY OF NUMBER OF ELEMENTS PER PLY 
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STUDY OF NUMBER OF ELEMENTS PER PLY 


(O 

0 


L> 


S-E 3 C 

° c 
CL O 


“00 
to £ £ 


tO 

£ n W l. 

<D - § 3 0 

c E 5 CO > to 

£ ~ CD 0 

o o _C — 


0 0 
a E 
o 

0 > 


£isl«f 

“ I I ° P I s s = -i ® 5 


0 0 

« r* . u_ ~ t: 0 .”5 OO 

u mu j,-.!: c ^ ca 

to <2 o J5 .E c_ 0 ^ ” 

Q-T3 O C ^ D- 1,1 ® m L 


W W L. ^Z. 1 ^- C 

J= 0 0) £ ® S 0 

0£-ErnP? ) 7=n:i= 


iU c -o 

3 £ (0 

~ 00 ~ 

Q . aj 


0 


E 

0 

0 

o 


0 


CO 


0.0^ 


c 

w 0 

D SI 


£ O it 
to "O 


o 

$ 


0 


0 


0 


° E 

to 0 0 
to — -Q 
0 0 

O 


0 m 

(O 0 


£ C 


c -a o)^ 0 

“ ~ ‘ 0 u 

3 _ 

3“ 0 

= O ^ 

tO 0 $ 

to sz -*-* 

0 C *- 
~ C to ° 


« £ E = 


>^ = 
52;r 

3 ^ .E .tr 


x: c JT 


o 

J to 


3 

0 

0 


85 

a 


c 5 


0 


E 

2 

3> 

o 


0 


0 


0 

-C 


b N ” 

C 0 to ^ 

0 (0 £ 0 (5 

E g o - 

c -b O 

O « «2 g-75 <0 0 E C § •■= 

~ C 0£0“ c " k ^ — 


to c _ 

5(5^ 

Sif 

Ills® 


♦- i w ♦- r w 

P — q. $ a m 


5 2 


.C W £ w 
D) P £ 0 

O W 


£ E 

__OJOJ- 
.c 'tr 3 u <JJ 

° o 0 0 

-Q to ^ -O c 

0 c £ x: 


c 
0 

E 

0 

0 “D 


>> 

-Q 


k— ^ 

O 0 

c x: 


0 


0 0 0 


t: 

o c 
a. c 
a. 0 


e£ 

’ £ 53 £ 0 
cL o £ ® £ 

2r 2 | o> 

o > c 


tu c ~ x: 3 t: 

w 0 0 O 0 (0 0 

3 x: tn *;= 0 . t- 


0 


I » 


« £ _ 
3 S -C 


fc- to c c 


to 

3 

E 


d>5 


to 


0 to S|jE ° 

Pc 
0 


C tr 0 

i ° O) W - « 

>*■3 c £ 3 

Q. ° 0 13 

_ 0 0 

®“2i|2 
2 j?£ 5 £ 

to tO c 0 
0 *3 O 


E ° £ 

£ o “ _ 

^ t 0 L- 4 ^ 

let*! 


? , sl5l558«>.£^ 


3) 

0 

u 

0 

$ 


0 

E 

0 

0 

*- to 

° X 
0 


^ -Q -c y -Q o .g ju u .52 J2 


o 0 ^ 


L_ f- — ^ 

*4— ^ t (J -*■— y — 

c°^n5“<om“T0)w 


0 


£ 0 

E£ 

i.2 

ro a? 

D3 


0 ? x: 

X) £ 

E ® 

3 

c c 

k. 0 
0 


■*- to 


wC: CD/ix w T^O ) iit u 

2 .® c J-g o E = ££ 


<J 0 


0 


E _ 

s 0 

o ? 0 B© 0 

■— -> r- r“ 


O to 


0 

Q. >> t0 




£ 0 x: “ 


. n > u w fl5 ^ 0 .52 

r ~ lu a o g 0^: w 

~ 3) r* #- X C 0 


0 

x: 


-c £ ^ C C -c 

w, a; ■ <J W 0 0 jC 

c0^-30 fl , x:£^ 
0 jc£_000-h-S0 


3). 


0 *_ 

_ E ° c 

to (0 0 

0 (O -0 

/IS _ 


£ to 
0 


0 0 

B|.£®£ 


0 

L- 

0 

x: 


0 J5 o -c 

^E" 


w w .52 
0 x= 
c 


c 

o 


— 0 
h 0 X 


^ O 


to £: 
c 
0 


0 J- 

0 o 

L- *- 

to 

“3 .E 


c 
to J5 

to £ 

0 0 

5n P 
0 O 

!! 


C-g^^XCOX^o 

.rJii0(uaujJ5(D 


695 



ELEMENT ASPECT RATIO 
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EVALUATION OF EXISTING TESTBED CAPABILITIES 
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EVALUATION OF EXISTING TESTBED CAPABILITIES 
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GLOBAL/LOCAL ANALYSIS TECHNIQUES 
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■ Displacement and/or slope matching constraints 
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The use of special elements, often with many degrees of freedom, or special "transition" elements is 
also an alternative. This option, however, requires the software to provide these capabilities often 
requiring the developers to have correctly anticipated the classes of problems which will be of interest 
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The distribution of o z through the thickness of the [0/90] s laminate at the Gauss point of maximum y-coordinate 
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Uniform x - direction Extension 
20 Node Element, 2 Elements / Angle 
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vs. z, [90/0]s LAMINATE, GLOBAL/LOCAL ANALYSIS 
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Results compare with proven software 
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prediction of stresses nearer the edge than with the global model. 



Use "zoom" technique for local/global analyses 


$5 O 
<0 

® c 

S | 

°-i c 

® a5 1 

35 w ”5 

0 <t 2 

a hi o 
E jj « 

8 1 « 

T3 u 

O 

21:1 

TlO< 

§ wSf 1 

fiC 11 

m co o 

J> 3 i 

3 0) °° 

a "5 T3 

o ^ ro 
E « § 


C 

.2 a> 

« £ 
o CO 
O 0 ) 

— o 
a 

.2 

a) rc 

g E 

-E ° 

■£ = 
S <* 

§> E 

a> 


£ o 


(0 

L. C 0 

a> a> 

1 1 

O . 2 , 


730 


The zoom [ 13 ] technique will be used for global/local analysis. This technique offers a straightforward 
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GIRKMANN’S PROBLEM: SPHERICAL SHELL WITH EDGE RING. 
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GIRKMANN’S PROBLEM: SPHERICAL SHELL WITH EDGE RING. 

22-element mesh. 
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GIRKMANN’S PROBLEM: SPHERICAL SHELL WITH EDGE RING. 
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GIRKMANN’S PROBLEM: SPHERICAL SHELL WITH EDGE RING. 
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